Little is known about patient characteristics associated with comprehension of consent information, and whether modifications to the consent process can promote understanding.
Low literacy is likely an important factor as approximately half of American adults read at or below an eighth-grade reading level. 3'4 Most consent forms, however, are written far beyond this level, and with a complexity that often hinders understanding, s-s
Modifications to the standard consent process that may enhance understanding include improving the readability and design of consent forms, 9-16 and allowing ample time for discussion of consent information. ~o Understanding may also be enhanced by using an iterative, educational strategy in which formal assessment of comprehension is linked to repeated passes through targeted education until understanding is obtained 17-24 (a process also known as "teach-to-goal"). 2s The degree to which these modifications may improve the consent process among diverse populations with limited literacy, and the patient characteristics associated with understanding consent information, have not been established.
As part of a randomized trial to improve the forms used for advance directives, we modified the consent process for all participants by: (1) using a consent form written at the sixthgrade reading level, (2) having bilingual research assistants read this form to potential subjects, and (3) by using a teachto-goal strategy. The goal of this paper is to describe the modified consent process, and to determine whether literacy and other subject characteristics {specifically race/ethnicity and language) were associated with comprehension of consent information and the number of passes required through the teach-to-goal process to achieve comprehension.
METHODS

Study Participants and Recruitment
This study was nested in a trial of 2 advance directives. 26 The consent substudy was approved by the University of California, San Francisco Institutional Review Board (IRB) within the context of this trial. Participants were recruited between August and December, 2004 from the General Medicine Clinic at San Francisco General Hospital, a public hospital where up to half of the patients have limited literacy. 27 Participants were eligible if they had a primary care physician, were 50 years or older, and reported speaking either English or Spanish %veil" or "very well." Participants were excluded ffthey had dementia, or were deaf. delirious, or not well enough to complete the interview. These assessments were made by participants' physicians before contact with research staff. Study staff then confirmed inclusion/exclusion criteria (except dementia), and further excluded participants whose corrected visual acuity was <20/100. 28 Participants were interviewed by either white/non-Hispanic, native Englishspeaking staff (3 interviewers) or white/Hispanic, native 867 ]GIM Spanish-speaking staff (2 interviewers). Participants were offered 820 for trial participation.
The Consent Form
The consent process was standardized. Participants were given a consent form using 12-point font and written at the sixth-grade reading level (except IRB required headings) (online Appendix), as determined by 2 validated methods and by 2 independent evaluators. 29"3° The information was written using concrete explanations and contextual clues, while adhering to the IRB standard template, l° The consent form was translated into Spanish, back translated, and pilot tested by native Spanish speakers to ensure concordant meaning. At the time of consent, participants were given a copy of the consent form (in English or Spanish) and were asked to read along while the form was slowly read to them verbatim over approximately 10 minutes. Participants were asked whether they had any questions after reading each section of the form, and after reading it in its entirety. We attempted to standardize answers to anticipated questions.
Consent Comprehension Assessment
Participants were told that to participate in the intervention study, study staff needed to ensure they had described the study clearly. We then read participants 7 true/false comprehension statements concerning study procedures, risk, and confidentiality (Table 1) . Three of the statements were true and 4 were false. Five contained text derived directly from the consent form (questions 2, 4, 5, 6, 7) (highlighted sections in online Appendix) and 2 did not (questions 1 and 3). Possible responses included "true," "false," or "I don't know;" participants were encouraged to answer "'I don't know" rather than to guess. Subject responses were dichotomized into correct or incorrect by combining an incorrect answer with an "I don't know" response.
Teach-To-Goal Strategy
Participants had to respond correctly to all statements to participate in the trial of advance directives. If a participant responded incorrectly to any statement on the first pass of questioning, those sections of the consent form corresponding to each missed statement were re-read. Missed statements were then repeated. If on the second pass, participants again incorrectly responded to any statement, the corresponding sections of the consent form were again re-read and the statements again repeated. Participants were read the statements up to 3 times, after which they were assessed for dementia with the Mini-Cog exam. al Participants who screened positive for dementia were excluded. Those who did not screen positive were allowed up to an additional 3 passes through the consent form and comprehension statements, beyond which they were deemed ineligible. Participants who required 3 or fewer passes were also assessed for dementia after consent was obtained. A random sample of 20 (10%) of consent discussions were observed and found to follow the research protocol consistently.
Outcomes
The primary outcome was the number of passes through the teach-to-goal consent process (consent form and comprehension statements) required to obtain consent. We categorized this outcome into (1) requiring 1 pass, (2) requiring a second pass, or (3) requiring 3 or more passes before answering all statements correctly.
We also assessed the number of comprehension statements missed on the first pass of questioning. This outcome variable was categorized into (1) responding correctly to all statements on the first pass, {2) responding incorrectly to 1 statement, and (3) responding incorrectly to 2 or more statements.
Primary Predictors
Literacy and Language. Literacy In addition to requiring self-reported English or Spanish proficiency for eligibility, we asked which language the consented participants felt most comfortable speaking (English, Spanish, or Other).
Sociodemographics.
To establish eligibility, we obtained selfreported age. For consented participants, we also obtained race/ethnicity, gender, income, educational attainment, place of birth (born in or outside the United States) and, for those born outside the United States, and number of years lived in the United States. If more than 10% of data were missing for any variable, this information was imputed from other known demographic variables.
Statistical Analyses
We measured the proportion of each comprehension statement answered correctly on the first pass of questioning to assess whether there were statements or domains of consent that were more challenging than others.
Then, we assessed the distribution of the outcomes (number of passes required to complete the consent process [1, 2, or _> 31 and number of comprehension statements missed on the first pass of questioning [none, 1, or _> 2]).
Table I. Comprehension Statements* and Percent Answered Correctly on the First Pass, N=204
1. If you choose to be in this study, you will need to get your blood drawn (false) 2, If you choose to be In this study, you need to look at two medical forms (true) 3. If you choose to be In this study, you will need to watch a video (false) 4. If you choose to be In thls study, you will need to answer some medical questions about yourself (true] 5. You were chosen to be in this study because you see a doctor in this hospital (true) 6. You were chosen to be in this study because your doctor thinks that you are sick and that you need an advance directive form (false} 7. After you fill out the study advance directive forms today, we will give them to your doctor and put them in your medical chart (false} 78% 71% 73% 80% 87% 85% 79% *All question responses were either "true," 'false," or "I don't know." Correct answers are shown in parentheses.
In a n attempt to estimate the extent of subject fidelity to our instructions to report "I don't know" r a t h e r t h a n to guess, a n d to estimate the degree to which participant responses may have reflected test-taking strategies (i.e., guessing), we assessed the percentage of incorrect s t a t e m e n t s b e c a u s e of choosing a n incorrect t r u e / f a l s e response versus a n "I don't know" response at each p a s s of the c o n s e n t process. We assessed the associations between participants' literacy level (inadequate, marginal, or adequate), language, a n d other characteristics with b o t h outcomes a n d w h e t h e r participants reported "l don't know" using ~2 tests or Fisher's exact test.
To determine the i n d e p e n d e n t association of literacy, language, a n d other characteristics with our outcomes, we constructed a series of multivariable ordinal logistic regression models. Literacy was used as a c o n t i n u o u s variable a n d other demographic variables were included if they were associated with the outcome variables at P <_ .2 in bivariate analysis. In the multivariable models, if predictor variables were correlated at a Pearson's correlation coefficient > 0.80, the variable with the greater statistical association was retained.
We tested for interactions between literacy, language, a n d the n u m b e r of p a s s e s required for complete comprehension a n d the n u m b e r of c o m p r e h e n s i o n questions missed using stratified analyses, the Mantel-Haenszel method, a n d by entering a n interaction term into our ordinal logistic regression models.
Multivariable models were assessed with a n d without imputed predictor variables, data from participants who screened positive for dementia, a n d a n interviewer covariate. All analyses were conducted using intercooled Stata, version 8 software, a3
RESULTS
Study staff a p p r o a c h e d 329 potential participants. Twenty participants refused to participate, 39 were willing to participate b u t could not schedule a n interview during the study period, 61 did not meet the i n c l u s i o n / e x c l u s i o n criteria, a n d data were missing for 1 participant, leaving 208 participants. Participants who were or were not included in the study did not differ in age (P=.20); however, more n o n -E n g l i s h / n o n -S p a nish speaking participants were not included (57.1% vs 42.9%, P < .01). Only 4 participants who engaged in the c o n s e n t process (2%) could not achieve complete c o m p r e h e n s i o n of c o n s e n t information within 6 passes. These participants did not differ in age or language from the remaining sample (P> .05). As these participants could not complete the c o n s e n t process, no further study information was collected.
The remaining sample (N=204} was racially/ethnically diverse a n d of lower socioeconomic s t a t u s (Table 2) . One-third of the sample h a d not completed high school, 40% h a d less t h a n adequate literacy, a n d 46% were non-English speaking.
The proportion of each of the 7 c o m p r e h e n s i o n s t a t e m e n t s t h a t participants responded to correctly on the first pass ranged from 71% to 87% (Table 1) .
Only 57 (28%) participants responded correctly to all of the comprehension statements, thereby requiring only 1 pass t h r o u g h the c o n s e n t process (Fig. 1) , 106 (52%) required a second pass, a n d 41 (20%) required 3 or more passes. Sixtytwo (30%) participants missed one c o m p r e h e n s i o n s t a t e m e n t on the first pass, a n d 82 (42%} missed 2 or more statements. Participants were likely to require more p a s s e s if they were older (P=.04), were black or Asian/Pacific Islander (P_< =.01), were female (P=.03), h a d lower educational attainm e n t {P=.02), h a d less t h a n adequate literacy (P=.02), felt most comfortable speaking a language other t h a n English or S p a n i s h (P<.01), or were b o r n outside the United States (P< .01) ( Table 3) . With the exception of gender, these associations were also present for the n u m b e r of c o m p r e h e n s i o n questions missed.
Of participants requiring a second pass t h r o u g h the consent process ( n = 147), 46% stated "I don't know" to 1 or more of the c o m p r e h e n s i o n statements. or more passes (n =4 i), 39% stated "I don't know" during subsequent passes, rather than choosing an incorrect answer. Stating "I don't know" was not associated with literacy or other patient characteristics, P> .05. After adjusting for age, race/ethnicity, education, gender, primary language, and s-TOFHLA score in multivariable ordinal models, only lower literacy and minority status were significantly associated with requiring more passes through the consent process and missing more comprehension statements. Participants' odds of requiring more passes increased with each 1-point decrease in s-TOFHLA score (odds ratio [OR], 1.04; 95% confidence interval [CI], 1.00 to 1.07) with odds ratios ranging from 1.00 for those with s-TOFHLA scores of 36, to 3.76 for those who scored 0 of 36. Being black was also associated with requiring more passes (OR 2.45; 95% CI 1.08 to 5.56). Participants with lower literacy scores were also likely to miss more comprehension statements on the first pass (for every 1-point decrease in s-TOFHLA score: OR, 1.04; 95% CI, 1.00 to 1.07), with odds ranging from 1.00 for those with s-TOFHLA scores of 36 to 3.71 for those who scored 0 out of 36. Being Asian/Pacific islander was also associated with missing more comprehension statements (OR, 5.27; 95% CI 1.02 to 27.30).
Mantel-Haenszel tests did not show heterogeneity in associations between literacy, language, and our outcomes, and interaction terms for literacy and language in our multivariable models were nonsignificant (P=.40 for passes required and .71 for statements missed). However, in stratified analyses, participants who engaged in the consent process in a language other than their primary language, regardless of literacy level, required more passes. For example, all of the nonnative English speakers who had either inadequate or marginal literacy (n= 12) required more than 1 pass through the consent process. In addition, 83% of nonnative English participants in the highest literacy level (n=6) required more than 1 pass as compared with only 75% of native English speakers in the lowest literacy level (n=12) (test for trend across the 3 literacy categories, P=.04).
Thirty-five participants (17%} had missing income data and were assigned imputed values based on the median value of participants with similar age, race, gender, and education. Seven participants (3.4%) tested positive for dementia. Inclusion of imputed income variables, controlling for interviewer, or exclusion of participants with dementia did not appreciably alter our results.
DISCUSSION
Despite significant consent modifications {improving readability of the consent form, having bilingual research assistants read the consent form to participants, and allowing time for discussion), few participants (280/0) had complete comprehension and required only 1 pass through the consent process. However, further use of a teach-to-goal strategy 2s was successful in achieving complete comprehension in 98% of all participants who engaged in the consent process, including those with literacy or language barriers. Participants with lower literacy and minority status were at greatest risk for poor comprehension. Nonetheless, most participants (80%) required little additional education to achieve complete comprehension (e.g., only 1 or 2 more passes through missed comprehension statements and corresponding consent sections).
After adjustment, minority status was independently associated with poor comprehension and requiring more passes through the consent process, suggesting that other factors, such as mistrust or racial/ethnic discordance between interviewer and subject, may contribute to poor understanding. 34-a6 While we could not assess the effects of racial/ethnic concordance on comprehension (research assistants were only white/ non-Hispanic or white/Hispanic), our results suggest that race/ethnic concordance should be addressed in future consent studies.
Literacy and language also appear to be important determinants of comprehension and the number of passes required to achieve consent. These results are consistent with other studies demonstrating that literacy, language, or educational barriers are associated with poor comprehension of health education or consent information. 9'13'21'22'37-45 Future studies should further explore the interaction between literacy and language on comprehension.
Our study has important implications for consent in the research and possibly the clinical setting. First, many subjects may be signing consent forms and agreeing to participate without truly understanding what is being asked of them. 6 This raises ethical concerns for research in vulnerable populations, represents a risk of liability to researchers and clinicians, and may introduce personal risk to study participants or patients, particularly for studies or procedures with high risk to benefit ratios. 46
Second, if the consent process includes consent forms that are written at or below the sixth-grade level, are read to subjects, and include a "teach-to-goal" strategy, then it may be possible to convey key elements of consent and reduce disparities in comprehension for vulnerable populations. 2s '47-49 In most cases, simply identifying and reviewing items that were not understood the first time can accomplish this. Interactive, educational consent methods currently advocated for use in both research and clinical settings may be especially important for those with limited literacy, minority status, or those who 17 24 50 speak a primary language other than English. -' It may be more effective to use open-ended questions to assess understanding or, if using close-ended questions, to encourage subjects to state that they "don't know" to avoid guessing and promote discussion.
Third, poor comprehension appears to be more pronounced in nonnative English speakers, even if they report English proficiency. 43 Therefore, to maximize the likelihood that consent information will be understood, informed consent may need to be obtained in participants' native language. However, it is also clear that researchers and clinicians should not assume that any potential participant or patient, regardless of literacy level or language spoken, will understand consent information.
Finally, this iterative consent process only led to the exclusion of 4 (2%) eligible subjects who were willing to participate. No eligible subjects refused to participate by virtue of being better informed. Using a modified consent form and an iterative consent process may enhance informed consent for vulnerable, diverse populations, without significantly reducing participation rates. Improved understanding may actually foster trust and facilitate recruitment of diverse populations.
This study has a number of limitations. First, the comprehension statements could have addressed all of the required elements of informed consent, making our results more generalizable. 5~ Second, some participants may have had better test-taking strategies (i.e., guessing correctly) on the first pass or the iterative consent process could have led participants to select logically the opposite answer on subsequent passes without true comprehension. 19 However, almost half of participants with incorrect responses stated "I don't know," suggesting honest disclosure instead of using test-taking strategies. Third, while we attempted to standardize the consent process, we did not directly observe all interviews and therefore could not account for variability in interviewer/subject interactions, the type and frequency of questions asked by participants, and the time taken to discuss consent information. Fourth, as we were asking subjects to read the consent form simultaneously as it was read to them, we cannot disentangle reading from oral comprehension. Fifth, there was no control group and therefore comparisons with a standard consent process cannot be made. Finally, this study was performed at 1 site for a low-risk trial, limiting the generalizability with respect to other settings, study designs, and studies with different risk to benefit ratios.
CONCLUSION
Despite using a number of consent modifications, most participants had poor comprehension on the first pass through the consent process. Lower literacy and minority status were associated with requiring more passes to achieve complete comprehension of consent information. The role of primary language may also be important and merits further research. Nonetheless, by using a modified consent approach (improving the readability and design of the consent form, reading the consent form to participants in their native language, and using an iterative, teach-to-goal strategy), complete comprehension of consent information was achieved for 98% of participants who engaged in the consent process, including those with literacy and language barriers. For the majority of these participants, little additional education was required. Using these modifications to the consent process may improve
